ha -1 as moisture, soil fertility and other biotic and abiotic factors become limiting [6] .
In northern Ghana, sorghum is cultivated principally by smallholder, resource-poor farmers under rain-fed conditions. Mostly, fertilizers are not available for purchases. In some cases where fertilizers are available the farmers have no means to purchase them or lack access to fertilizer through lack of transportation to cart fertilizers to the field. Judicious use of fertilizers is paramount to sorghum production.
Despite being one of the most important staple food for many livelihoods and its adaptation to draught, research results reveal that yield levels achieved by small-scale farmers remained stagnant despite farmer's effort to improve and increase production. Across northern Ghana, poor soils and lack of knowledge on fertilizer application rates remain key factors to the reduced yield. Though a number of local varieties have been introduced to increase the yield of the crop, knowledge on best performing sorghum variety is also limited.
In order to increase sorghum production, there is a need therefore to evaluate the effect of N fertilizer rates on local sorghum varieties to determine the optimum N rate and variety. Appropriate N fertilization rates have been noted to increase sorghum yields.
Olugbemi et al. [7] , observed that application of N up to 150 kg/ha increased grain number, grain yield, and harvest index. It has also been observed by Melaku et al. (2018) , that sorghum varieties has responded differently to N application rates and that sweet sorghum varieties gives higher grain yield, biomass, plant height, leaf number and quality stalks due to its ability to respond effectively to increasing N application rates. In 2018 an evaluation research was conducted by Al-salim et al. [8] on local sorghum (keafer, Al-khyaer,Rabeh and Enqadh) genotypes to evaluate their response to nitrogen fertilizer application rates and it was established that the local sorghum genotypes respond well to nitrogen fertilizer rates.
Sorghum genotypes have been reported to be good efficient responders or users of N fertilizer levels [9, 10] . Across northern Ghana, however, knowledge on varietal response to N fertilization is limited. Necessitating the need for a research to develop knowledge to help improve the crops production. This research was aimed to assess the effect of N fertilizer rates on growth, yield and yield parameters of local sorghum varieties in northern Ghana with the objective to help identify the best local sorghum variety that responds effectively to the most economic N fertilizer rate for resource-poor farmers of northern Ghana.
Materials and Methods

Description of the study area
The experiment was conducted at Vea during the 2014 and the 2017 cropping seasons.
The area lies within the interior Guinea Savannah agro-ecological zone of Ghana, located in the Bolgatanga municipality of the upper east region between latitude 90ʺ 25 N, longitude 00ʺ 58W.
The climatic condition of the area is warm, semiarid with an annual average rainfall of 1200 mm between May and September, followed by a dry windy season (harmattan) from September to April. Temperature distribution is moderately uniform with mean monthly minimum value of 31°C and maximum of 38 °C [11] . The relative humidity varies greatly during the wet season with monthly minimum of 25% and maximum value of 50% during the wet season [12] . The soil types include Lixisols, and Ferric Lixisols [13] .
Description of materials used for the study
Local sorghum varieties called Bawku Red (BR), Kamolga (KM) and Kadaga (KA) were used for the study. Chemically treated seeds of the three varieties produced by a local seed company were used.
The seeds had germination percentage of 90 -100, pure seed percentage of 99 and moisture percentage of 12.2. Four replications were used. The field had 72 experimental units each measuring 5m × 10m. The blocks (reps) were separated by a 1m wide space and each plot was separated by 0.50m space.
Treatments and experimental design
Each treatment was randomly assigned to the experimental unit within a block. The gross plot size was 50m 2 (5m × 10m).
Ploughing was done using bullocks. The field was laid out by the use of garden lines, tape measure and pegs. Inter and intra row spacing of 50 × 50 cm was used and the sorghum seeds were sown between the 15 th and 20 th of June. About four to six seeds were sown per hill and later on, seedlings were thinned to two plants per hill.
Half of the N application rates (30 kg ha −1 , 60 kg ha −1 , 90 kg ha −1 , 120 kgha −1 and 150 kg ha −1 ) of N.P.K. 25-10-10 fertilize was used for basal application on 10 days after emergence (DAE) at 1.5 g, 2.5 g, 4 g, 5 g and 6.5 g per stand/hill respectively. The remaining half Page 3 of 10 of N application rates was applied at 30 days after the first application as top-dressing. Hand hoeing was done once at 2 weeks after sowing the sorghum and post emergence weedicides were used 3 weeks after the hand hoeing.
Data collection and analyses
Growth parameters:
•
Variety name: Varieties of local sorghum used for the field experiment were named and recorded.
• Fresh weight of biomass (FWOB): Data recording started a month after emergence and was taken every two weeks.
•
Dry weight of biomass (DWOB):
Data recording started a month after emergence and was taken every two weeks interval.
• Leaf number: This was recorded a week after emergence and continued every two weeks till the flag leaf stage. This was determined by counting. Five plants that were sampled randomly and tag from the middle rows of each plot were used for this purpose. • Grain Yield: Grain yield was measured by weighing the grain that was threshed from the panicles obtained from the harvest area within each plot and expressed into kg/ha.
Data analysis
The data collected were subjected to analysis of variance (ANO-VA) using the GenStat statistical software. The differences between treatment means were compared using Least Significant Difference (LSD) test at 5% level of significance.
Results
Soil analysis
The analysis of soil samples from the experimental field showed a maximum and minimum N-contents of 764 mg/kg and 732 mg/ kg respectively (Table 1) . A mean N-content of 745 mg/kg was observed, indicating a relatively low N-content of soils of the study area. 
Plant height
The effect of fertilizer on plant height was highly significant (p < 0.001) at eight (8) 
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Plants fertilized with 60 kg N ha −1 had the highest mean height at 8 WAP ( Figure 1 ). The plants treated with 30, 90 and 150 kg N ha −1 had similar performance with those treated with 60 kg N ha −1 .
The control-treated plants had the least mean height. The Bawku Red variety had the highest mean fresh biomass at 10 WAP ( Figure 5 ). The Kadaga variety had the least mean fresh biomass at 10 WAP though the Kamolga variety also performed similarly.
Number of leaves
The effect of fertilizer rate on total dry biomass was significant 
Panicle length
Fertilizer rate significantly impacted on panicle length (p < 0.05). The interaction effect of the two factors on panicle length was also significant (p < 0.05). Plants treated with Bawku Red x 120 kg N ha −1 had the highest mean panicle length ( 
Panicle width
The effects of variety and fertilizer as sole factors did not sig- 
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Bawku red variety planted at an N rate of 90 kg ha −1 had the widest width of 9.95 cm while the Kamolga variety planted at an N rate of 120 kg ha −1 had the least width of 7cm. Variety and fertilizer as sole factors significantly affected total weight of panicles (p < 0.05). The interaction effect of the two factors on total weight of panicles was, however, not significant (p > 0.05). For variety, Kamolga had the highest mean total weight of panicles ( Figure 7) . The Kadaga variety had the least mean total weight of panicles though Bawku Red plants also performed simi-larly. It was also observed that plants fertilized at 150 kg N ha −1 had the highest total weight of panicles (Figure 8 ). The plants treated with 30, 60, 90 and 120 kg N ha −1 had similar performance with those treated with 150 kg N ha −1 . The control-treated plants had the least total weight of panicles (Table 3) . cle and plants treated with 30, 60, and 90 kg N ha −1 as well as those from control plots had similar performances with regards to floret counts.
Total weight of panicles
Number of branches per panicle
Number of seeds per panicle
Fertilizer rate significantly affected the number of seeds per panicle of sorghum (p < 0.05). The effects of variety, and interaction of the two factors on number of seeds per panicle were, however, not significant (p > 0.05). Plants fertilized with 90 kg N ha −1 had the highest number of seeds per panicle ( Figure 11 ). The zero fertilized treatments had the least number of seeds per panicle and plants treated with 30, 60, and 90 kg N ha −1 as well as those from control plots had similar performance. 
Seed weight per panicle
200-seed weight per panicle
Total grain yield
The effects of variety and fertilizer on total grain yield where was affected by the interaction effect of variety and nitrogen fertilizer rate (p < 0.05). The Kamolga variety planted at an N fertilizer rate of 90 kg ha −1 , had the highest yield of 1276 kg ha −1 ( Table 5 ).
The least yield was observed with the Kadaga variety at N rate of zero kg ha −1 . 
Discussion
As in this study, similar variation in sorghum growth and yield parameters with respect to variety and fertilizer rates has earlier been reported by Murleyl, et al., [14] . The best growth performance of sorghum with increasing N rate is attributed to soil enrichment with higher levels of N-nutrient which provided sufficient N-nutrients and also rendered available, other sorbent and non-available nutrients that are essentially required for various metabolic processes finally resulting in enhanced plant growth [15] . Apart from efficient nutrient utilization, the healthy plants outperformed has been observed to occur mostly from stem in preference to leaf [20] . These explains the observed higher yield of the Kamolga variety at each N level compared to the other varieties and also explains the higher yield observed at the N rate of 90 kg ha −1 .
Conclusion
There was no interactive effect of variety and fertilizer rate on most growth and yield parameters of sorghum except panicle width and grain yield. Nitrogen fertilizer rate as sole factor affected most growth parameters and most of the yield component parameters.
The Bawku red variety had the best performance with respect to aboveground biomass parameters. However, Kamolga variety performed best in terms of the yield parameters, with optimum yield of Kamolga occurring at N application rate of 90 kg ha −1 . This level of N application resulted in higher yields due to adequate soil nutrient environment that promoted uptake and enhanced efficient nutrient translocation from leaves and stems into the filling grain. For optimum sorghum production, the Kamolga local variety is therefore recommended for cultivation since it is associated with higher yield under relatively low N application rate of 90 kg ha −1 . 
